URAEMIA as a complication of crush injuries of the limbs is now well known and the histology of the renal lesion has been well described by Bywaters and Dible (1942) . The occurrence of uremia as a complication of head injuries without damage to any other part of the body has not been recognized. This paper describes firstly the results of an investigation begun in 1940 into alterations of various chemical constituents of the blood in patients with head injury only, but in whom no estimate of renal function was made, and secondly the results of renal function tests in 13 patients together with the findings in four cases of uraemia following head injury.
Biochemical Changes in the Blood (excluding Renal Function Tests) Material and Methods.-Twenty-five patients admitted to various hospitals with head injury were examined. The degree of severity of the injury and the length of time of unconsciousness varied considerably, but the injury was limited to the head in every case. The injuries were related to air raid, road, gun, and explosive accidents. Blood was obtained at varying intervals after the injury, this time factor depending upon the advisability of vein puncture in regard to the clinical condition of the patient, and also upon the fact that patients were transferred from one hospital to another more suited to deal with cranial lesions.
Estimations of the following constituents of the blood were made-serum potassium (Cumings, 1939) , sodium (Woelfel, 1938) , and hemobilirubin, plasma chlorides (McCance and Shipp, 1933) , and inorganic phosphate (Fiske and Subbarow, 1925 There is some variation fronm the normal in all substances examined but there is no significant or constant change with the possible exception of the inorganic phosphate content, which tends to be raised in patients with severe cerebral contusion, more especially when the blood is examined several days after the injury. It would be of interest to know if the level of phosphate parallels the degree of demyelination of the cerebral tissue. The blood urea was not estimated in any of these patients. It may be that the raised level of phosphate in some of these 25 patients was associated with renal abnormality and not with demyelination. This is especially so in view of the blood urea levels found in the series to be recorded and also as in uremia the phosphate level may be raised.
Changes in the Blood and Urine in Urnmia Associated with Head Injury
Material and Methods.-Seventeen further patients with injury limited to the head were investigated. The patients were carefully selected so that only those showing unconsciousness of some hours duration together with a marked degree of severity of cerebral damage were examined. Uremia developed in four of these patients, three of whom died, and in two of these autopsy was performed. Investigation of the blood was made in all, and the urine was examined in as many patients as was possible, but three of the uremic patients were incontinent, so making such examination difficult. Serum potassium, sodium and hemobilirubin, plasma chlorides and inorganic phosphate, blood urea by Archer's modification of Folin and Wu's method (Harrison, 1937) , and blood uric acid by a modification of King's et al method (1937) were estimated. Urea (Harrison, 1937) , pH, inorganic phosphate, daily volume, albumen, and centrifuged deposit were estimated or examined for in such urine specimens as could be obtained.
Chemical analysis was performed on the kidneys removed at autopsy and the chloride, total phosphate, and uric acid contents estimated on the cortex and the medulla.
Results
Normal figures for blood urea were obtained in seven of the 17 patients, slightly raised levels in six, and a marked increase in the four patients who developed uremia. Table II shows the results of the six cases in whom slightly increased blood urea figures were obtained.
The increase in blood urea is not marked but as the patients were young adults the figures are on the high side of normal, and this is confirmed in the one case examined nearly four weeks after the accident, by which time the blood urea had fallen to a normal figure. No other abnormalities were found in the investigations on these patients.
The chemical findings in the four cases of uremia are given in Table III and short clinical abstracts will be found at the end of the paper. Incontinence of urine was present in three of these patients and in one there was anuria for the first day after the injury, so that urine analysis was difficult to perform satisfactorily. The kidneys of the two patients on whom autopsy was performed showed definite pathological lesions which are being described elsewhere, but which in the main consisted of degeneration of the proximal portion of the tubular epithelium at its point of exit from the glomerulus; in one case there were blood casts in the collecting tubules, features which are quite dissimilar to the changes seen in the kidneys from cases of traumatic anuria.
The most noticeable feature in the blood apart from the raised blood urea was the raised inorganic phosphate content. The urine specimens examined are remarkable for the high rate of excretion of urea with a reasonably concentrated urine, the degree of acidity of the urine, and in one case the low chloride content. The volume passed was about normal as far as could be determined by the degree of bed wetting as judged by a competent Sister.
The mechanism causing the renal lesion in traumatic anuria is unknown, and this is also the case in uremia following head injury. Shaw Dunn et al. (1941) from observations on cases of crush injuries suggested the possibility that uric acid or phosphoric acid might have an etiological significance, as the site of the renal lesion in their cases of traumatic anuria was similar to the renal lesion caused by these substances in experiments on animals. However, the site of the renal damage is not the same in head injury as in crush injuries of the limbs. Nevertheless, the head injury cases showed a raised plasma inorganic phosphate and in one case a raised blood uric acid level. It is possible that the damaged cerebral tissue liberates a substance containing phosphate, or that there is an alteration of an enzyme system which is concerned with the breakdown of such substances.
It was considered possible that an analysis of the renal tissue might yield interesting and instructive results, hence three normal kidneys and two from the patients on whom autopsies were performed were examined and Table IV shows the results obtained.
It is seen that in the cortex there is no significant difference between the normal and the abnormal kidneys, but the medulla shows a higher phosphate and uric acid content in the abnormal as compared to the normal kidney; however, the figures obtained as yet are too few to be of any definite assistance in demonstrating that either substance is an etiological factor. However, there are other points of difference between the cases of traumatic anuria and those described above. Bywaters and Dible state that in those cases adequately examined there was a low urea concentration with a dilute urine. The few examinations of the cases here recorded show a normal urea output in a urine markedly acid. It was thought, therefore, that such patients might be benefited by alkalies and the last patient (Case M.) was given large doses of potassium citrate and sodium bicarbonate by mouth. He responded well and immediately the blood urea began to fall and the clinical condition improved, although he is still suffering from the effects of the cerebral contusion he sustained.
Summary
The results of investigations into chemical changes of the blood and urine following head injury are recorded.
It is shown that plasma inorganic phosphate is raised in severe cerebral lesions and that in a few cases uremia follows rapidly on cerebral injury. Such patients show raised blood urea and phosphate levels with a normal volume of urine, but with a high excretion of urea in an acid urine. Alkalies caused a clinical improvement in one patient with a raised blood urea.
Alterations in chemical content of phosphate and uric acid were found in the kidneys from two of the patients who died of uremia. 
